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Sample Text Matrix 

This document summarizes the status of sample fabrication and analysis in the Form 
Development Sample Test Matrix. Since its publication in the “Baseline Formulation” 
report (UCRL-ID- 133089, PIP-99-O 12) and in the “Complete Single-Phase Sample 
Fabrications that Support the Licensing Application and Complete Process and 
Compositional Extreme Sample Fabrications that Support the Licensing Application” 
report (PIP-99-078), the Sample Test Matrix has been updated and expanded. This 
version is current though September 30, 1999. 

Headings used in each of the Tables are as follows: 

Sub-Series. The ID for the sample, composition, or series. Each composition typically 
corresponds to between 2 and 12 samples, and each series typically corresponds to 
between 2 and 12 compositions. 

Site(s). The sites involved in the preparation of the sample, composition, or series. If 
this column is blank, the sample, composition, or series has very low priority at this 
time. 

Target Composition. A general description of the sample composition or range of 
compositions. 

Pu Sample. The sample contains plutonium. If the particular sample identified 
contains Pu, then a “Y” is used in this column. If the particular sample identified does 
not contain Pu, then a “N” is used in this column. If the sample contains 238Pu or 
“jCm, then a 6’Y/238Pu’* or a “Y/244Cm” appears in this column. 

Impurit;v Elements. The description of the impurity elements added to the sample, 
composition, or series. This column is left blank if the impurities are already included 
in the “Target Composition.” 

Impurity Amount. The total amount of impurities added. This includes only those 
impurities identified in the Impurity Elements column and not any impurities that 
happen to be identified by the “Target Composition.” 

Fabricated. The sample, composition or series has been fabricated. The site 
fabricating the sample identified is the same as appears in the “Site(s)” column. 

Density. The density of the sample has been determined. Generally, this is a 
geometric (i.e. bulk) density or an Archimedes (i.e. apparent) density. These 
measurements are being performed at all of the participating sites. 

XRD. Mineralogical composition of the sample has been determined by X-ray 
diffraction on the ceramic sample. This type of analysis is being performed at all of 
the participating sites. 



SEM. Sample has been photographed by scanning electron microscopy. This type of 
analysis is being performed at all of the participating sites. 

,Microprobe or Q-EDS. Sample has been analyzed to determine the elemental 
composition of the mineral constituents. Electron microprobe analysis is being 
performed at LLNL. Quantitative EDS is being performed at ANL and ANSTO. 

TEM. Sample has been analyzed by transmission electron microscopy. This type of 
analysis is being performed at ANL. 

‘WCC-I. Durability tests on monoliths of ceramic material have been completed. This 
includes but is not necessarily limited to the MCC-1 tests. These types of tests are 
being performed primarily at ANL and ANSTO. 

SPFT. Durability tests on powdered ceramic material have been completed. This 
includes but is not necessarily limited to the Single Pass Flow Through Tests. These 
types of tests are being performed at ANSTO, LLNL, and PNNL. 

Ion Beam. Sample has been ion beam irradiated. These samples are fabricated at 
PNNL and/or SRTC. 

SI-XIV’. The self induced X-ray fluorescence has been measured. Measurements on 
non-Pu materials are have been performed at LBNL and measurements on Pu 
materials are performed at LLNL. 

Enthalpv. The standard enthalpy of formation at 298 K has been determined. The 
datum is obtained by drop solution calorimetry measurements. These measurements 
on non-Pu materials are being performed at UCD and measurements on Pu materials 
will be performed at LANL in the near future. 

Entropy. The standard entropy at 298 K has been determined. The datum is obtained 
by integrating the low temperature heat capacity measurements. These measurements 
on non-radioactive materials are being performed at BYU. Measurements on 
radioactive materials are not planned. 

Additional Samples. .The preparation of additional samples is required. More material 
is needed, the sample was not successfully prepared, or the fabrication of the required 
sample has not yet been attempted. 
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L-l LLNL Typical Impure N All 2.8% Y Y Y Y x ‘? ? x x Y”‘“‘- x x N 
Oxide Y Y Y N N Y ? ? XXNXX N 

SRS N Y Y Y Y N ? ? XXNXX N 
L-2 LLNL ZPPR Fuel N MOO,, AI,O, 0.6% Y Y Y Y ? ‘? ? X X Y”‘“’ X X N 

Y YYNYY? ? XXNXX N 
L-3 ANSTO Atypical Impure N Ga,O,, MgO, Al,O,, 2.2% Y Y Y Y Y X Y X X N X X N 

Metal Y Fe,O,, Ta,O,, NiO, YYYYYXYXXNXX N 
wo, 

t-4 LLNL Atypical Clean N Ga,O,, ZnO,MgO 0.3% Y Y Y Y ? ? ? X X Y’.“N’ X X N 
Metal Y Y Y N Y Y ? ? Y X N X X N 

t-5 ANSTO U/Pu Oxides N Al,O,, M&k Fe,O,, 1.0% Y Y Y Y Y X Y^“’ X X N X X N 
Y MOO, Y Y Y Y Y X YAM X X N X X N 

L-6 LLNL Pu Alloys N A40,, MgO I .2% Y Y Y Y ‘? ? ? X X Y’.“N’ X X N 
Y Y Y N Y Y ? ? XX N X X N 

SRS N YYYYXYNXXNXX N 
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A-7 ANSTO Averaw 
1mpurZy 

N All I .5% Y Y Y Y Y X Y”“’ X X X X X N 
Y Y Y Y Y Y X YA”’ X X X X X N 

LLNL N Y Y Y Y ” ‘) ? X X Y’““’ X X N 

Y ’ I Y Y N Y + Ii ? X X N X X N 

A-8 ANSTO Extreme Oxide N All 13.0% YYYYYXYXXXXX N 
Y YYYYYXYXXXXX N 

LLNL N Y Y Y Y ? .f yA”’ x x y1 1WI x X N 
Y Y Y N Y Y ? X XX N X X N 

A-9 ANL 

ANSTO 

LLNL 

PNNL 

Intermediate N All 5.1% Y Y Y Y X N Y X X X X X N 
Impurity Y YYYYXNYXXXXX N 

N YYYYYXYXXXXX N 
Y YYYYYXYXXXXX N 
N Y Y Y Y ? ‘! Y^“’ x X Y’.““’ X X N 
Y Y Y N Y Y ? Y”’ x x NXX N 
N YYYYXXXXXXXX N 
Y YYYNXXN ? x XXX N 

Y/21”Pu YYNNXXN ? x XXX N 

Y = Yes, N = No, S = Some, P = Partial Completion or In progress, . 1 = Needed or Planned in Near Future, X = Not Needed or Do Latter, 
? = Unknown or Undetermined. 
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80-i ANSTO CaZrTi,O, N None N/A Y X Y Y X X X X X X X X N 
LLNL N YXYY x xxxx X Y ““‘I Y N 
SRS N YXYXXXXXXXXXN 
UCD N XXXXXXXXXXXXN 

BO-2 ANSTO CaHff i,O, N None N/A Y X Y Y X X X X X X X X N 
LLNL N YXYYXXXXXXXXN 
SRS N YXYXXXXXXXXXN 
UCD N YXYYYXXXXXYY N 

BO-3 ANSTO CaCeTi,O, N None N/A Y X Y Y Y X X X X X X X N 
LLNL -. N YXYYYXXXXXXX N 
SRS N YXYXXXXXXXXXN 
UCD N YXYY Y ‘? x x x x Y :)“yl’ Y 

BO-4 ANSTO CaPuTi,O, Y None N/A P X P P X X X ? XXXXN 
LLNL Y P X N N N X X X X X !lAN’ X ? 

BO-5 ANSTO CaUTi,O, N None N/A Y X Y Y X X X ? XXXXN 
LLNL N YXYY x xxxx X Y”“” X N 

BO-6 ANSTO Gd,Ti,O, N None N/A Y X Y Y X X X X X X X X N 
LLNL N YXYY x xxxx x y”” y”“’ N 

PNNL N Y x Y ? XXXXXXXXN 
SRS N YXYXXXXXXXXXN 

BO-7 ANSTO CeTi,O, N None N/A Y X Y Y X X X X X x y”l” y”“,’ N . 

LLNL N YXYYXXXXXXXXN 
PNNL (HCB lx) N YYY? x X YW”K” X Y X X X N 

SRS N YXYXXXXXXXXXN 
BO-8 ANSTO PuTi,O, Y None N/A Y X Y Y X X X Y X X X X N 

LLNL Y !XNN x x x x x x !‘“I x ‘? 
BO-9 ANSTO UT&O, N None N/A Y X Y Y X X X Y X X X X N 

LLNL N YXYY Y xx Y x X Y’“” N N 
SRS N YXYXXXXXXXXXN 

BO-10 BYU CaTiO, N None N/A X X Y Y X X X X X X Y’“‘” Y N 
SRS N YXYXXXXXXXXXN 

BO-11 PNNL (HZircSx) Zirconolite ss (Ce) N None N/A Y Y Y ? X x Y”‘“‘ XYXXXN 
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81-8 83-2 (Th) N-A None N/A X X X X X X X X X X X X N 
N-W XXXXXXXXXXXX N 
N-D XXXXXXXXXXXX N 

Bl-9 ANSTO B3-3 (Pu) Y-A None N/A Y Y Y Y Y X X X X X X X N 
Y-W YYYY Y XXXXXXX N 
Y-D YYYY 'I' XXXXXXX N 

Bl-10 ANSTO B3-3 (Th) N-A None N/A Y Y Y Y Y X X X X X X X N 
N-W YYYY Y XXXXXXX N 
N-D YYYY Y XXXXXXX N 

LLNL N-A XXXXXXXXXXXX N 
N-W YYYY XXXXXXXX N 
N-D XXXXXXXXXXXX N 

81-11 ANSTO B3-4 (Pu) Y-A None N/A Y Y Y Y Y X X X X X X X N 
Y-W YYYY Y XXXXXXX N 
Y-D YYYY Y XXXXXXX N 

Bl-12 ANSTO B3-4 (Th) N-A None N/A Y Y Y Y Y X X X X X X X N 
N-W YYYY Y XXXXXXX N 
N-D YYYY Y XXXXXXX N 

LLNL N-A XXXXXXXXXXXX N 
N-W YYYYXXXXXXXX N 
N-D XXXXXXXXXXXX N 

Bl-13 ANSTO B3-9 (Pu) Y-A None N/A Y Y Y Y Y X X X X X X X N 
Y-W YYYY Y XXXXXXX N 
Y-D YYYY Y XXXXXXX N 

Bl-14 ANSTO B3-9 (Th) N-A None N/A Y Y Y Y Y X X X X X X X N 
N-W YYYY Y XXXXXXX N 
N-D YYYY Y XXXXXXX N 

Bl-15 ANSTO B3-I I (Pu) Y-A None N/A Y Y Y Y Y X X X X X X X N 
Y-W YYYY Y XXXXXXX N 
Y-D YYYY Y XXXXXXX N 

Bl-16 ANSTO B3-11 (Th) N-A None N/A Y Y Y Y Y X X X X X X X N 
N-W YYYY YXXXXXXXN 
N-D YYYY Y XXXXXXX N 

Bl-17 LLNL B3- I3 (Pu) Y-A None N/A X X X X X X X X X X X X N 
Y-W Y Y N Y Y X Ym X X X X X N 
Y-D XXXX X XXXXXXX N 

Bl-18 LLNL B3- I3 (Th) N-A None N/A X X X X X X X X X X X X N 
N-W YXYY Y XXXXXXX N 
N-D YXYY Y XXXXXXX N 

Bl-19 LLNL B3- 17 (Pu) Y-A None N/A X X X X X X X X X X X X N 
Y-W XXXX X XXXXXXX N 

I Y-D XXXX X XXXXXXX N 
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B2-2 LLNL CaTiO,-ThTi,O,-HtTiO, N None N/A P N N N N X X X X X X X Y 
82-3 ANL CaTiO,-UT&O,-HtTiO., N None N/A X X X X X X X X X X X X N 

LLNL N YYYYY XXXXXXXY 
82-4 ANL CaTiO,-PUT&O,-Hffi0, Y None N/A P P N N N X X X X X X X Y 

B2-5 CaZrTi,O,-Gd,Ti,O, N None N/A X X X X X X X X X X X X N 
B2-6 ANSTO CaHfTi,O,-Gd,Ti,O, N None N/A Y X Y Y Y X X X X X X X N 

LLNL . - N YYYYY NXXXXXXN 
B2-7 ANSTO CaHfTi,O,-CaCeTi,O,- N None N/A Y Y Y Y Y X X XXXXXN 

LLNL Gd,Ti,O, YXYYY NXXXXXXN 
82-8 ANSTO CaHfTi,O,-CaThTi,O,- N None N/A Y X Y Y Y X X X X X X X N 

82-9 ANSTO CaHfJ3,0,-CaUTi,O,- N None N/A Y Y Y Y Y X X X X X X X N 
LLNL Gd,Ti,O, N YYYYY XXXXXXXN 

B2-10 ANSTO CaHff i,O,-CaPuTi,O,- Y None N/A Y Y Y Y Y X X X X X X X N 
LLNL Gd,Ti,O, Y XXXXX XXXXXXXN 

B2-11 CaO-ZrO,TiO, N None N/A X X X X X X X X X X X X N 
B2-12 ANSTO CaO-HfO,-TiO, N None N/A X X X X X X X X X X X X N 
B2-13 ANSTO CaO-CeO,-TiO, N None N/A N N N N N X X X X X X X Y 

LLNL N YXYYY XXXXXXXN 
B2-14 ANSTO CaO-ThO,-TiO, N None N/A N N N N N X X X X X X X Y 
B2-15 ANSTO CaO-UO,-TiO, N None N/A N N N N N X X X X X X X Y 
B2-16 ANSTO CaO-PuO,-TiO, Y None N/A N N N N N X X X X X X X Y 

- ..- 
Y = Yes, N = No, S = Some, P = 
? = Unknown or Undetermined. 

Partial Completion or In progress, != Needed or Planned in Near Future, X=Not Needed or Do Latter, 
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B3-1 -95% Pyrochlore (Pu) Y None N/A X X X X X X X X X X X X 
B3-2 Low in Cd and Hf (Pu) Y None N/A X X X X X X X X X X X X N 
B3-3 ANL Zirconolite-rich (Pu) Y None N/A Y Y Y Y N X Y X X X X X N 

PNNL Y YYYNXXNXXXXXN 
YFPU YYNNXXNXXXXXN 

SRS Y Y Y Y N X X YAM X X X X X N 
83-4 ANL Brannerite-rich (Pu) Y None N/A Y Y Y Y N N Y X X X X X N 

B3-5 LLNL 95% Pyrochlore (Ce) N None N/A Y Y Y Y X X X Y X X X X N 
83-6 LLNL Low in Gd and Hf (Ce) N None N/A Y Y Y Y X X X X X X X X N 
B3-7 ANL Zirconolite-rich (Ce) N None N/A X X X X X X X X X X X X N 

LLNL N YYYYXXXXXXXXN 
PNNL N YYYYXXX ? X X X X N 

B3-8 ANL Brannerite-rich (Ce) N None N/A X X X X X X X X X X X X N 
LLNL N YYYYXXXXXXXXN 
SRS N YNYXXXXXXXXXN 

83-9 ANL - 10% Perovskite (Pu) Y Excess CaO -2% Y Y Y Y N X Y X X X X X N 
SRS Y XXXXXXXXXXXXN 

B3-10 ANL - 10% Perovskite (Ce) N Excess CaO -2% X X X X X X X X X X X X N 
SRS N YNYXXXXXXXXXN 

B3-11 ANL - 10% Phosphate (Pu) Y p,o, -3.5% Y Y Y Y N X Y X X X X X N 

I B3-12 ANL - 10% Phosphate (Ce) N P,Q -3.5% X X X X X X X X X X X X N 1 

I 83-13 ANL Average Impurity (Pu) Y All -6.6 Y Y Y Y N N Y X X X X X N 1 
LLNL Y Y Y N N Y N YANl X X X X X N 
SRS Y XXXXXXXXXXXXN 

B3-14 ANL Average Impurity (Ce) N All -6.7 X X X X X N X X X X X X N 
I LLNL N YYYYxxxxxxxx N 1 

B3-15 LLNL Am Enriched (Pu/Am) Y Am,O, -0.6% X X X X X X X X X X X X N 1 
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Y YYNNNXXXXXXXN 
B4-S2 LLNL A-O Y AmO,, Saturated X X X X X X x x X X X X N 
B4-S3 LLNL A-O N BO, ~ Saturated Y Y Y Y N X X X X X X X N 
B4-S4 LLNL A-O N BaO Saturated Y Y Y P N PAN’. X X X X X X N 
B4-S5 LLNL A-O N CaO Saturated Y X N Y Y X X X X X X X N 

Y YYNNNXXXXXXXN 
B4-S6 LLNL A-O N CeO, Saturated X X X X X X X X X X X X N 
B4-S7 LLNL A-O N CrO, T Saturated Y Y Y Y Y P”‘XXXXXXN 

Y YYNYYXXXXXXXN 
B4-S8 LLNL A-O N CuO,,, Saturated Y X N Y Y X x x x X X X N 
B4-S9 LLNL A-O N FeO, 5 Saturated Y X N Y Y FXXXXXXN 

Y YYNNNXXXXXXXN 
B4-SlO LLNL A-O N GaO, ( Saturated Y Y Y Y Y PANL X X X X X X N 

B4-Sll LLNL A-O 
B4-S12 LLNL A-O 
B4-S13 LLNL A-O 
B4-S14 LLNL A-O 
B4-S15 LLNL A-O 

N GdO,, Saturated X X X X X X X X x X X X N 
N HfO, Saturated X X X X X X X X X X X X N 
N KO,,, Saturated P N N N X X X x x x x X y 
N Lao,, Saturated X X X X X X X x x X X X N 
N WO Saturated Y X X Y Y X X X X X X X N 
Y YYNNNXXXXXXXN 

B4-S16 LLNL A-O N MnO, 5 Saturated Y X N Y Y PAN’- X X X X X X N 
Y YYNNNXXXXXXXN 

B4-Sl7 LLNL A-O N Moo,+. Saturated Y Y Y Y Y Pm’. X X X X X X N 
Y YYNNNXXXXXXXN 

B4-S18 LLNL A-O N NaO,,, Saturated Y Y Y Y N X X x X X X X N 
B4-S19 LLNL A-O N NbO,, Saturated Y Y Y Y Y x X X X X X X N 
B4-S20 LLNL A-O N NiO Saturated Y X N Y Y PANL X X X X X X N 

Y YYNNNXXXXXXXN 
B4-S21 LLNL A-O N NdO,, Saturated X X X X X x x X X X X X N 
B4-S22 LLNL A-O Y NPO, Saturated X X X X X X X X X X X X N 
B4-S23 LLNL A-O N PO, 5 Saturated Y X N Y y PAN1. X X X X X X N 
I Y YYNNNXXXXXXXN 



B4-S24 LLNL A-O N PM) Saturated P N N N X X X X X X X x Y 
B4-S25 LLNL A-O N SiO, Saturated Y Y Y Y Y P”‘XXXXXXN 

B4-S26 LLNL A-O 
B4-S27 LLNL A-O 
B4-S28 LLNL A-O 
B4-S29 LLNL A-O 
B4-S30 LLNL A-O 
B4-S31 LLNL A-O 
B4-S32 LLNL A-O 
B4-S33 LLNL A-O 
B4-S34 ANL A-O 

Y YYNNNXXXXXXXN 
N SnO, Saturated P ” N N N X X X X X X X X Y 
N Tao,, Saturated Y Y Y Y Y X X X x x x X N 
N ThO, Saturated X X X X X X X X X X X X N 
N TiO, Saturated .X X X X X X X X X X X X N 
N VO,, Saturated Y Y Y Y Y PAN’. X X X X X X N 
N WO,*. Saturated Y Y Y Y Y PAN’. X X X X X X N 
N ZnO Saturated Y X N Y Y X X X X X X X N 
N Z-0, Saturated X X X X X X X X X X X X N 
N C Saturated Y Y Y Y Y X X X X X X X N 

1 B4-S35 LLNL A-O N CaF, Saturated Y Y N Y Y X X X X X X X N 1 

Y = Yes, N = No, S = Some, P = Partial Completion or In progress, I= Needed or Planned in Near Future, X = Not Needed or Do Latter, . 
? = Unknown or Undetermined. 
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Y Y Y Y P P x ? x x x x x N 
84-n ANSTO A-O + Impurity N +3 As Needed Y Y Y Y Y X ? X X X X X N 

Y YYYYYX ? XXXXX N 
B4-E3 ANSTO A-O + Impurity N +4 As Needed Y Y Y Y Y X ? XXXXX N 

Y Y Y Y Y Y X ? X X X X X N 
B4-E4 ANSTO A-O+ Impurity N +6 As Needed Y Y Y Y Y X ? XXXXX N 

Y Y Y Y Y Y X ? X X X X X N 
B4-E5 ANSTO A-O + Impurity N +5 As Needed Y Y Y Y Y X ? X X X X X N 

B4-E6 ANSTO A-O + Impurity Y +4 Actinde As Needed Y Y Y Y Y X ? x x x x X N 
B4-E7 ANSTO A-O + Impurity N Variable As Needed Y Y Y Y Y X ‘! X X X X X N 

Y XXXX XXXXXXXX N 
B4-E8 ANSTO A-O + Impurity N i-3/+4=+2 It5 As Needed Y Y Y Y Y X ? x x x x X N 

Y XXXX XXXXXXXX N 
B4-E9 ANSTO A-O + Impurity N +2/+4=+3/+3 As Needed Y Y Y Y Y X ? x x x x X N 

Y XXXX XXXXXXXX N 
B4-EfO ANSTO A-O + Impurity N +3/+4== +2/+5 As Needed Y Y Y Y Y X ? XXXXX N 

Y XXXX XXXXXXXX N 
B4-El1 ANSTO A-O + Impurity N +2/+2= + II+3 As Needed Y Y Y Y Y X ? X X X X X N 

Y XXXX XXXXXXXX N 
B4-Ef2 ANSTO A-O + Impurity N +2/-!4= +4/+2 As Needed Y Y Y Y Y X ? X X X X X N 

Y XXXX XXXXXXXX N 
Y = Yes, N = No, S = Some, P = Partial Completion or In Progress, . 1 = Needed or Planned in Near Future, X = Not Needed or Do Latter, 
? = Unknown or Undetermined. 
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B4-VI SRS A-O t Impurity N-Ce/Ce Common Fixed (0.600) Y Y Y S X X X X X X X X N 
N-Cc/U YYYS XXXXXXXXN 
N-Th/U YYYS XXXXXXXX N 

Y XXXXXXXXXXXXN 
B4-V2 SRS B3-3/7 + Impurity N-Ce/Ce Common Fixed (0.600) Y Y Y S X X X X X X X X N 

N-CeN YYY S XXXXXXXX N 
Y XXXXXXXXXXXXN 

B4-V3 SRS B3-4/8 t Impurity N-CelCe Common Fixed (0.600) Y Y Y S X X X X X X X X N 
N-CeN YYY S XXXXXXXX N 

Y XXXXXXXXXXXXN 
B4-V4 SRS A-O t Impurity N-Ce/Ce All Variable Y Y Y S X X X X X X X X N 

N-CeN YYPNXXXXXXXXN 

B4-V5 SRS B3-3ff t Impurity N-Ce/Ce All Variable XXXXXXXXXXXXN 
N-CeN XXXXXXXXXXXXN 

Y XXXX XXXXXXXX N 
B4-V6 SRS B3-4/8 t Impurity N-Ce/Ce All Variable X X X X X X X X X X X X N 

N-CeN XXXXXXXXXXXXN 

Y = Yes, N = No, S = Some, P = Partial Completion or In Progress, ! = Needed or Planned in 
? = Unknown or Undetermined. 

Near Future, X=Not Needed or Do Latter, 

Common Volatiles = B,O,, CaCI,, CaF?, KCI, PbO, MgCI?, MgF,, MOO,, NaCI, WO,, ZnO 
All Volatiles = Common Volatiles + K,O, Na,O, P20s, PbO, and ZnC1, 
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